Our objective was to determine the predictive value of various biochemical and histological traits for tenderness of the longissimus muscle. 
. Many studies have been conducted to determine the biological causes of variation in tenderness. Numerous variables have been related to tenderness, such as amount of intramuscular fat (Campion et al., 1975) . sarcomere length (Harris, 1976) . collagen content (Burson and Hunt, 1986) , size and type of muscle fibers (Calkins et al., 1981; , and enzymatic activity involved in postmortem aging ( C W s and Seideman, 1988; Koohmaraie, 1988; Koohmaraie et al., 1988) . Researchers also have conducted regression analyses using some of these traits to predict tenderness. Davis et al. (1979) included percentage of expressible juice, fragmentation index, sarcomere length, cooking loss, and percentage of soluble collagen as variables to predict tenderness and was able to explain 68% of the variation. Calkins et al. (1980) Hawkins et al. (1987) , various muscle traits, such as sarcomere length and percentage of fat and moisture, accounted for 51% of the tenderness variation. Muscle histological traits were used by Calkins et al. (1981) in predicting tenderness (Rz = .65). However, no published report has included all these variables in the same analysis, nor has anyone included calciumdependent proteases and their inhibitor activities in their analysis.
The purpose of our study was to determine the predictive value of carcass traits, muscle pH and temperature, total and percentage of soluble collagen at 1 and 14 d postmortem, sarcomere length, myofibril fragmentation index, muscle fiber type and area percentage, calcium-dependent protease-I, -11 and inhibitor activities at 0 and 24 h, and cathepsin B and B + L activities at 1 and 14 d for longissimus muscle tenderness at 14 d postmortem. Also, from this analysis we hoped to further explain the biological basis of tenderness.
Materials and Methods
A detailed discussion of the animals utilized in this study and the laboratory assays conducted has been reported by Whipple et al. (1990) . Briefly, Hereford (€I) x Angus (A) (n = lo), 5/8 Sahiwal x H, A or H x A (n = 11) and 3/8 Sahiwal x H, A or H x A (n = 6) crosses were slaughtered at 15 to 17 mo of age. Carcass data were collected at 24 h postmortem. Longissimus muscle (LM) pH and temperature were monitored at 3,6,9 and 12 h. Samples were removed from the LM for determining sarcomere length; muscle-fiber histochemistry; myofibril fragmentation indices (MFI) at d These data indicate that LM INH activity at d 1 was significantly related to tenderness among breed and gender subclasses and within subclasses. In studies in which the CDP mechanism was activated by infusing CaCl2 Postmortem muscle pH at either 3, 6, 9 or 12 h was positively correlated with in vitro activities of CDP-I and cathepsin B and B + L.
A relationship between pH and enzyme activity m vivo might be expected because the maximum activity of these enzymes in vitro is pHdependent (Etherington, 1984; Koohmaraie et al., 1986) .
Regression Analysis. Regression equations with standard errors and model coefficients of determination (R2) ford 14 LM tenderness that were computed overall (ignoring breed group and gender subclasses) are given in Table 3 . Independent variables presented are those that were significant (P < .05). When MFI values were included in the analyses (Fquations 1 and  3 ), MFI at d 7 explained almost 50% of the variation observed in SFT scores and Wl3S values among breeds. Others have reported that either MFI or fragmentation index accounts for approximately 50% of the variation observed in LM tenderness at 10 to 14 d postmortem (Culler et al., 1978; Davis et al., 1980) and at 1 and 7 d postmortem (Olson and Parrish, 1977) . This evidence indicates that MFI or fragmentation index may be the most important currently known objective indicator of LM tenderness other than W B S force.
In Equation 3, an additional 20% of the variation in SPT scores that was not explained (Table   2 ). Therefore, the predictive value of cathep sins in postmortem tenderization still is not clearly defied.
implications
Of the various biochemical and histological traits studied, myofibril fragmentation indices can be utilized among breed groups to accurately predict longissimus muscle tenderness at 14 d postmortem. Calcium-dependent protease inhibitor was an important trait to predicting longissimus muscle tenderness, when comparing breeds or variation within breeds and gender. However, myofibril fragmentation indices require less time and are less expensive to determine than calcium-dependent protease inhibitor activity. If a method could be refined to measure myofibril fragmentation index on a muscle biopsy, it probably could be implemented to determine the genetic potential of sires to produce progeny with tender meat.
